Independent roles for nibrin and Mre11-Rad50 in the activation and function of Atm.
The Atm protein kinase and Mre11-Rad50-nibrin (MRN) complex play an integral role in the cellular response to DNA double-strand breaks. Mutations in Mre11 and nibrin result in the radiosensitivity disorders ataxia-telangiectasia-like disorder (ATLD) and Nijmegen breakage syndrome (NBS), respectively. Cells from ATLD and NBS patients are deficient in activation of the Atm protein kinase and phosphorylation of downstream Atm targets following irradiation. However, the roles of individual MRN complex proteins in Atm function are not clear, because the mutations in NBS and ATLD cells result in global effects on the MRN complex. Previously we showed that the C-terminal 100 amino acids of nibrin were necessary and sufficient to translocate the MRN complex to the nucleus. Here we have taken advantage of this feature of nibrin to create isogenic cell lines lacking either nibrin or Mre11-Rad50 in the nucleus. We found that nuclear expression of Mre11-Rad50, but not nibrin, stimulated Atm activation at early times after low doses of radiation. At later times or higher doses of irradiation, Atm activation was independent of Mre11-Rad50 or nibrin. The requirement of MRN complex proteins for downstream Atm phosphorylation events following irradiation was more complex. Phosphorylation of nibrin and Chk2 by Atm required Mre11-Rad50 expression in the nucleus at early times after irradiation, reflecting the stimulation of Atm activation by Mre11-Rad50. By contrast, autophosphorylation of Chk2 and phosphorylation of Smc1 at Ser-957 was dependent on the MRN complex 60 min after irradiation, even though Atm was activated at that time point. These results indicate an independent role for Mre11-Rad50 in the activation of Atm and suggest nibrin and/or Mre11-Rad50 also act as adaptors for some downstream Atm phosphorylation events.